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ABSTRACT
The aim of this study was to evaluate the effect of 
sampling technique and milk fraction on bovine milk 
microbiota data and to compare the microbiota in milk 
to microbiota on the teat end and in the teat canal. 
Representative milk samples are highly important for 
assessment of bacteriological findings and microbiota 
in milk. Samples were obtained from 5 healthy lactat-
ing dairy cows at udder quarter level during 1 milk-
ing. Swab samples from the teat end and teat canal, 
and milk samples collected using different techniques 
and in different milk fractions were included. Milk was 
collected by hand stripping and through a teat canal 
cannula before and after machine milking, through a 
trans–teat wall needle aspirate after milking, and from 
udder quarter composite milk. The microbiota of the 
samples was analyzed with sequencing of the V1–V3 
region of the 16S rRNA gene. In addition, somatic cell 
counts and bacterial cultivability were analyzed in the 
milk samples. Microbiota data were analyzed using 
multivariate methods, and differences between samples 
were tested using analysis of similarity (ANOSIM). 
Differences between samples were further explored via 
individual studies of the 10 most abundant genera. The 
microbiota on the teat end, in the teat canal, and in 
udder quarter composite milk, collected using a milking 
machine, differed in composition from the microbiota in 
milk collected directly from the udder quarter. No dif-
ferences in milk microbiota composition were detected 
between hand-stripped milk samples, milk samples 
taken through a teat canal cannula, or milk samples 
taken as a trans–teat wall needle aspirate before or af-
ter milking. We conclude that for aseptic milk samples 
collected directly from the lactating udder quarter, 
sampling technique or milk fraction has minor effect on 
the microbiota composition.
Key words: milk microbiota, milk sampling technique, 
cannula, 16S rRNA
INTRODUCTION
Representative milk samples are highly important for 
assessment of bacteriological findings in bovine milk. 
Sampling technique has been shown to have an effect on 
microorganisms found through culturing and qPCR in 
bovine milk. Several studies have compared the bacteri-
ological findings in conventionally taken hand-stripped 
milk samples to findings in milk collected without pass-
ing through the teat canal. Bexiga et al. (2011) found 
less growth of Corynebacterium spp. in milk samples 
taken via a cannula inserted in the teat canal com-
pared with conventional hand-stripped milk samples. 
Friman et al. (2017) found fewer bacterial species, fewer 
Staphylococcus spp., less Trueperella pyogenes, and less 
yeast in milk samples taken with a cannula compared 
with conventional hand-stripped milk samples in a 
qPCR-based study. Hiitiö et al. (2016) bypassed the 
teat canal by taking milk samples directly from the 
quarter gland cistern using a needle fitted to a vacuum 
tube and compared the bacteriological findings against 
conventional hand-stripped milk samples using qPCR. 
They found more bacterial species per sample and 
more Staphylococcus spp. in samples collected by hand-
stripping. However, the number of studies investigating 
the effect of sampling technique on the microbiota of 
bovine milk as analyzed by 16S rRNA gene sequencing, 
which, in theory, should return all bacterial taxa pres-
ent in a sample, is limited. Metzger et al. (2018a), using 
the same sampling techniques as Hiitiö et al. (2016) 
and analyzing the bacterial composition by sequenc-
ing of the 16S rRNA gene, observed an increased Chao 
bacterial richness in composite milk samples compared 
with conventional hand-stripped or needle aspirates 
but no difference in β-diversity. The microbiota of the 
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teat end and the teat canal has been investigated with 
culture-dependent and culture-independent techniques 
(Gill et al., 2006; Braem et al., 2012; Verdier-Metz 
et al., 2012; Falentin et al., 2016; Doyle et al., 2017; 
Derakhshani et al., 2018). These studies have rarely 
included comparisons of the microbiota of the teat end 
or the teat canal with the microbiota in milk from the 
main udder compartment. Doyle et al. (2017) compared 
the microbiota in composite milk from individual cows, 
bulk tank milk, and the teat skin using 16S rRNA am-
plicon sequencing. They found a large overlap between 
milk from individual cows, bulk tank, and teat skin 
microbiota when analyzed with multivariate methods, 
where teat skin was the most significant contributor of 
microbes in milk samples regardless of teat preparation 
and housing system. Derakhshani et al. (2018) com-
pared the microbiota in the teat canal and mammary 
secretions before and after cows were subjected to a dry 
period. They found a higher bacterial diversity and a 
significant difference in composition of the microbiota 
in the teat canal compared with the microbiota in 
mammary secretions. Even though this topic has re-
ceived attention, results and sampling techniques have 
not been conclusive.
This experiment was designed with the aim of as-
sessing variation in the microbiota of milk samples 
taken using different sampling techniques before and 
after milking from healthy lactating dairy cows. We 
also aimed to compare the microbiota in milk with the 
microbiota on the teat end and in the teat canal. Our 
hypothesis was that milk collected directly from the 
teat cistern after milking would be the least diverse, 
contain the fewest numbers of taxa, be least affected by 
environmental bacteria, and be most representative of 
the microbiota in milk within the mammary gland. The 
milk sampling techniques used were chosen to collect 
milk that did or did not pass through the teat canal, as 
the teat canal may contain bacteria that can contami-
nate the milk sample. We hope that our results will be 
useful when selecting sampling methods in future milk 
microbiota studies.
MATERIALS AND METHODS
Five lactating dairy cows with no history of clinical 
mastitis in the ongoing lactation and a composite milk 
SCC below 100,000 cells/mL for 2 consecutive months 
were enrolled in the experiment. The cows were in lac-
tation number 1 through 3, on average had been milk-
ing for 187 d (range 145 to 283 d), and were of either 
the Swedish Red (n = 2) or the Swedish Holstein breed 
(n = 3). Sampling was conducted at, and animals were 
provided by, the Swedish Livestock Research Center, 
Uppsala, Sweden. The sampling protocol was reviewed 
and approved by the Uppsala Animal Ethics Commit-
tee (protocol no: C99/13). On the day of sampling, 
cows were moved from their loose housing system to 
a smaller pen next to the sampling stall at least 1 h 
before the start of sampling, which occurred 6 to 9 h 
after the last milking. During sampling, the cows were 
restrained and offered feed and water, and the sampler 
wore nitrile gloves that were changed when dirty and 
between cows. Nine samples were taken from each udder 
quarter as follows, and as illustrated in Figure 1: the 
teat was wiped visibly clean with a moist paper towel 
and afterward dried with a paper towel before a teat 
end skin swab (E-Swab regular, Copan, Brescia, Italy) 
sample was taken. The swab was wiped against the 
skin in a 1-cm radius from the teat canal several times 
before being placed in the provided transport medium 
(sample A). The teat end area surrounding the teat 
canal was then cleaned with 3 cotton pads moistened 
with 70% ethanol. A teat canal swab sample was taken 
by carefully inserting a thin urethra swab (E-Swab 
urethra, Copan) into the teat canal, using a twisting 
motion. After full insertion of the swab head (20 mm), 
the swab was twisted 180 degrees 3 times before being 
removed and placed in the provided transport medium 
(sample B). Thereafter, a hand-stripped milk sample 
was collected (sample C). All hand-stripped milk 
samples were collected in sterile 15-mL tubes and had 
an approximate volume of 3 to 5 mL of milk. Next, 3 
hand-stripped squirts of milk were discarded, and the 
teat end was cleaned with a cotton wad moistened with 
70% ethanol before a conventional pre-milking hand-
stripped milk sample was collected (sample D). Next, 
a teat canal cannula sample was taken by inserting 
a Tom Cat Catheter (3.5 Fr 1.16 mm; Kendall, Tyco 
Healthcare, Mansfield, MA) through the teat canal 
into the teat cistern. The catheter was attached to a 
sterile syringe, and 3 to 5 mL of milk was collected by 
aspiration (sample E). The cow was then milked us-
ing a specially produced quarter-level milking machine 
provided by DeLaval (DeLaval AB, Tumba, Sweden). 
In the milking machine, milk from each quarter was 
collected in a separate vessel, and a sample was taken 
from each vessel after milking (sample K). The milking 
machine and vessels were thoroughly rinsed after milk-
ing each cow; 2.5 L of milk per udder quarter was the 
inclusion criterion for a complete milking. After milk-
ing, the cow was sedated by an intramuscular injection 
of xylazin (0.05 mg/kg of BW, Rompun Vet, Bayer 
Animal Health, Monheim, Germany), the udder was 
manually massaged for 1 min, and each teat end was 
cleaned with 3 cotton pads moistened with 70% ethanol. 
A post-milking hand-stripped milk sample (sample G) 
and a post-milking teat canal cannula sample (sample 
H) were taken in the same manner as before milking. 
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The sampling order of the hand-stripped milk samples 
and teat canal cannula samples before and after milk-
ing (samples D and E, and G and H) was alternated at 
cow level so that for 8 quarters the teat canal cannula 
samples were taken before the hand-stripped samples. 
Finally, a trans–teat wall needle aspirate milk sample 
was taken when the cow was fully sedated (sample I). 
The skin of the cranial side of the teat was cleaned 
with 3 cotton pads moistened with 70% ethanol, and 
the teat cistern was filled with milk before a 0.5 × 
16-mm needle attached to a sterile syringe was inserted 
through the teat wall and milk collected in the syringe. 
All samples were placed on ice directly after sampling, 
and within 45 min after sampling the milk samples were 
thoroughly mixed and divided into 3 aliquots. The milk 
aliquots and swab samples were kept cold on ice for 2 to 
7 h before being stored at −80°C until DNA extraction. 
One milk aliquot was kept cold overnight and used for 
aerobic bacterial culturing and SCC measurement.
Bacterial culturing was performed on milk samples C 
through I. Milk aliquots were processed and bacterial 
inoculation was performed on an ethanol-cleaned bench 
top, and only sterile equipment was used in contact 
with milk. For culturing, 10 µL of milk was inoculated 
on agar plates with 5% bovine blood and 0.05% esculin 
(National Veterinary Institute, Uppsala, Sweden) and 
incubated aerobically at 37°C. Growth on agar plates 
was evaluated after 24 and 48 h as no growth (0 to 
2 cfu/10 µL) or growth (>2 cfu/10 µL). Plates with 
growth were sent to the ISO 17025–accredited Mastitis 
Laboratory at the National Veterinary Institute, Up-
psala, Sweden, for routine mastitis diagnostic evalua-
tion. At the Mastitis Laboratory, quantity of cfu and 
number of phenotypically different cfu were evaluated 
and bacterial isolates identified to species level using 
MALDI-TOF, when appropriate. Milk SCC was mea-
sured using a DeLaval cell counter with a fluorescent 
microscopy–based method.
The DNA from swabs and milk samples was extract-
ed using the Qiagen QIAamp DNA mini kit vacuum 
protocol (Qiagen, Valencia, CA). Milk aliquots (1 mL 
each) were thawed on ice and centrifuged at 4°C and 
13,000 × g for 10 min. The fat layer was carefully re-
moved and the supernatant discarded. The remaining 
cell pellet was re-suspended in 500 µL of TE50 buffer 
(10 mM Tris-HCL, 50 mM EDTA, pH 8). Samples were 
subjected to enzymatic lysis by adding 100 µL of a mix-
ture consisting of 50 µL of lysozyme (Sigma-Aldrich, 
St. Louis, MO; 10 mg/mL in nuclease-free water), 6 µL 
of mutanolysin (Sigma-Aldrich; 25 kU/mL in nuclease-
free water), 3 µL of lysostaphin (4,000 U/mL in 20 
mM sodium acetate; Sigma-Aldrich), and 41 µL TE50 
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Figure 1. Illustration of samples taken during the experiment; letters correspond to sample description in text. Teat end swab (A), teat canal 
swab (B), hand-stripped milk samples (C, D, G), teat canal cannula samples (E, H), trans–teat wall needle aspirate (I), quarter milk machine 
sample (K). Samples A–E were taken directly before machine milking; samples G–I were taken directly after machine milking; sample K is a 
composite milk sample from individual quarters. Sample I was collected from 18 quarters, and all other samples were collected from 20 quarters.
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for 1 h at 37°C on a dry heat block, before physical 
disruption by bead-beating with 0.1-mm zirconia/
silica beads (BioSpec Products, Bartlesville, OK) for 
1 min on setting 5 using a FastPrep FP120 (Qbiogene, 
Carlsbad, CA). The DNA was subsequently extracted 
using a modified protocol of the QIAamp DNA Mini 
Kit (Qiagen), whereby 100 µL of 3 M sodium acetate, 
pH 5.5, was added to the lysate before the addition to 
the spin column. The TE50 (0.5 mL) was used as a 
negative control. Extracted DNA was eluted in 50 µL 
of nuclease-free water and stored at −80°C until further 
analysis. For DNA extraction from the swabs, the ends 
of swabs were cut into sterile 1.5-mL tubes containing 
500 µL of TE50 buffer and vortexed, and then the fluid 
was transferred to a new microcentrifuge tube. Fluid 
samples were then processed as described above.
Bacterial DNA was amplified in a 2-step PCR. In 
the first step, the V1–V3 hypervariable region of the 
16S rRNA gene was amplified using 7-fold degenerate 
forward and reverse primers, previously described by 
Lackey et al. (2017). The first PCR mixture contained 
12.5 µL of Q5 Hot Start High-Fidelity 2× Master Mix 
(New England Biolabs Inc., Ipswich, MA), 0.25 µL 
each of 10 µM forward and reverse primers (Integrated 
DNA Technologies, Coralville, IA), 2 µL of DNA ex-
tract, and 8 µL of nuclease-free water. We ran PCR in 
a thermocycler under the following conditions: initial 
denaturation at 98°C for 30 s, then 15 cycles of 98°C for 
10 s, 51°C for 20 s, and 72°C for 20 s. After the 15 cycles 
were completed, the thermocycler was paused, and 2 
µL of the second PCR primers (2 µM) with dual-index 
barcodes and Illumina sequencing adapters (University 
of Idaho Institute for Bioinformatics and Evolutionary 
Studies Genomics Resources Core Facility, Moscow, 
ID) were added. The thermocycler program was then 
resumed with an initial denaturation at 98°C for 30 s, 
and an additional 15 cycles of 98°C for 10 s, 60°C for 20 
s, and 72°C for 20 s were performed, followed by a final 
extension at 72°C for 2 min. The reaction was then held 
at 4°C until storage at −20°C. The quality of the PCR 
amplicons was evaluated via agarose gel electrophoresis 
or on a QIAxcel DNA screening cartridge (Qiagen), 
or both in combination. Samples were deemed accept-
able if they had a band of appropriate size, low abun-
dance of primer-dimer bands, and absence of unwanted 
bands. If samples amplified poorly, re-amplification was 
attempted. Overall, 6 samples had to be re-amplified 
to obtain enough DNA for equimolar pooling. DNA 
was quantified using the Qubit 2.0 Fluorometer and the 
Qubit dsDNA High-Sensitivity Assay (Thermo Fisher 
Scientific, Waltham, MA). Samples were pooled to con-
tain 50 ng of DNA from each sample and submitted 
to the University of Idaho Genomics Resources Core 
for sequencing. At the core, the amplicon pools were 
size-selected using AMPure beads (Beckman Coulter, 
Brea, CA) and then quantified using a KAPA Illumina 
library quantification kit (KAPA Biosystems, Wilming-
ton, MA) and the Applied Biosystems StepOne Plus 
real-time PCR system. Sequences were then obtained 
using an Illumina MiSeq v3 paired-end 300 bp protocol 
for 600 cycles.
Raw DNA sequence reads were demultiplexed, 
joined, and classified using the custom Python appli-
cation dbcAmplicons (https: / / github .com/ msettles/ 
dbcAmplicons) as previously described (Carrothers et 
al., 2015). Two data sets were used for data analysis. 
The first included all identified taxa and absolute num-
ber of reads per sample, and the second included rela-
tive abundance, and taxa identified to a higher taxo-
nomical level than genus were aggregated into “other.” 
Descriptive analysis on sequencing results, statistical 
calculations, and multivariate analyses were performed 
using Microsoft Excel 2016 (Microsoft Corp., Redmond, 
WA), R (R Core Team 2019), and PAST (Hammer et 
al., 2001). Differences between samples were explored 
via principal coordinates analysis (PCoA) using Bray 
Curtis similarity as a distance measure and statisti-
cally tested with analysis of similarity (ANOSIM). An 
ANOSIM is a nonparametric test based on ranked dis-
similarity; the R-value given is a comparative measure 
of the degree of separation between sites or samples, 
where an R-value close to 0 indicates no separation 
between sites or samples, and an R-value of 1 indicates 
complete separation between sites or samples (Clarke, 
1993). The ANOSIM allows statistical testing for a 
significant difference between 2 or more groups. For all 
analyses, significance level was set at P < 0.05.
RESULTS
Samples A through H and K were collected from 20 
quarters, and the needle aspirate (sample I) was col-
lected from 18 quarters, giving a total of 178 collected 
samples. Bacterial culturing was performed on 118 milk 
samples (samples C through I). Ten (8%) of the milk 
samples had growth of more than 2 cfu/10 µL of milk, 
of which 6 samples (from the same quarter) had pure 
growth of Staphylococcus epidermidis and were judged 
as subclinically infected. Four milk samples had sparse 
growth of a mixed bacterial flora (defined as growth 
of 3 or more phenotypically different cfu); 3 of these 
samples were collected as hand-stripped milk samples 
after milking (sample G), and 3 of the samples were 
collected from the same cow (Table 1). Overall, the 
SCC ranged from 0 to 385,000 cells/mL (Table 1), 
with an average of 60,000 cells/mL (CV 23.6%). Three 
milk samples collected via needle aspirate were con-
taminated with blood, affecting the SCC (leukocyte) 
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values, and were consequently excluded from the SCC 
analysis. The SCC varied between consecutively taken 
samples using different techniques within the same 
udder quarter. The largest difference in SCC between 
2 samples taken directly after each other, either as a 
hand-stripped sample or with a teat canal cannula, 
within the same milk fraction (D vs. E or G vs. H), 
was 172,000 cells/mL, with an average difference of ± 
28,000 cells/mL (CV 32.4%), and with higher values 
for hand-stripped samples in 45% (18 out of 40) of the 
comparisons (Table 1).
Sequencing produced a total of 2,689,894 reads from 
177 samples, with an average of 15,197 ± 13,889 (mean 
± SD) reads per sample. In total 1,044 taxa were iden-
tified, of which 851 taxa were assigned to a genus and 
193 taxa were classified to a higher taxonomical level. 
Analyses of Chao1 richness revealed that the mean ge-
nus richness was 90 taxa for all samples. Mean genus 
richness was significantly higher in sample A (138 gen-
era) than in samples B through I (mean 78 genera), and 
in K (124 genera) compared with samples E through I 
(mean 70 genera; Bonferroni-corrected Mann-Whitney 
pairwise). Genera richness was numerically lower in 
samples H (57 genera) and I (64 genera), although 
not significantly (Figure 2). Shannon and Simpson 
diversity did not differ between the different sample 
types. For Shannon diversity the range was 2.4 to 2.83 
(samples H and A, respectively) with a mean of 2.66, 
and for Simpson diversity the range was 0.78 to 0.86 
(samples H and A, respectively) with a mean of 0.83. 
Data analysis with PCoA based on Bray Curtis similar-
ity index revealed a mixed appearance: in individual 
cows, samples A, B, and K tended to cluster separately, 
whereas a large overlap occurred for samples C through 
I (Supplemental Figure S1; https: / / doi .org/ 10 .3168/ jds 
.2019 -17783). A PCoA of the whole data set revealed 
a large overlap among all samples, an effect largely at-
tributed to the udder quarter suffering from subclinical 
mastitis and with bacterial growth of S. epidermidis in 
all milk samples (Supplemental Figure S2A; https: / / 
doi .org/ 10 .3168/ jds .2019 -17783). Because the aim was 
to study healthy udder quarters, data from this udder 
quarter was omitted from further analyses (Supple-
mental Figure S2C; https: / / doi .org/ 10 .3168/ jds .2019 
-17783). A PCoA of the curated data set revealed a 
similar mixed appearance as analyses for individual 
cows, with separate clusters for samples A, B, and K, 
and a large overlap for samples C through I (Figure 
3). An ANOSIM revealed that the swab samples and 
milk sample taken from the milking machine (samples 
A, B, and K, respectively) differed significantly in their 
bacterial composition from milk samples taken directly 
from the teat (samples C through I), and detected no 
significant differences in the bacterial composition for 
samples C through I (Figure 3).
The relative abundance of the 10 most abundant gen-
era were further analyzed in the 4 groups of samples 
identified as significantly different (group of samples A, 
B, C through I, and K) by PCoA and ANOSIM (Figure 
4). All the 10 genera were present in all groups but not 
in all samples. The distribution of each genera within 
the different groups and statistical difference between 
groups of milk samples are shown in Figure 4.
DISCUSSION
Assessing milk microbiota by 16S rRNA gene se-
quencing is complex (Metzger et al., 2018b) and prone 
to introduction of biases and contamination (Salter et 
al., 2014; Pollock et al., 2018). Although several studies 
have described a microbiota in bovine milk (see Metzger 
et al., 2018b, for review) doubt about the concept of a 
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Table 1. Milk somatic cell count (SCC × 1,000/mL) and bacterial findings by culture per cow, udder quarter (Q1–Q4), and sample type1
Sample










Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
C 13 22 37 22 15 65 14 13 17 20 80 113 145 378 84 58 103 712 61 48
D 3 8 17 10 18 30 31 23 32 1503 188 78 217 70 72 97 110 1362 103 47
E 52 13 2 37 28 47 21 22 32 4 92 139 45 84 45 46 163 1852 75 84
G 200 150 119 653 42 194 43 55 58 593 67 993 65 122 57 162 189 3852 128 180
H 111 176 174 70 32 170 32 61 182 5 17 191 106 99 126 221 213 3802 155 120
I — — 1,2724 57 1684 123 30 23 38 61 37 88 83 3784 70 150 199 3362 148 128
K 28 53 83 77 25 44 44 24 0 76 22 39 107 88 61 95 117 75 71 115
1Hand-stripped milk samples (C, D, G); teat canal cannula samples (E, H); trans–teat wall needle aspirate (I); quarter milk machine sample 
(K). Samples C–E were taken directly before machine milking; samples G–I were taken directly after machine milking. Bacterial culturing was 
performed on samples C–I.
2Growth of Staphylococcus epidermidis.
3Growth of mixed bacterial flora.
4Blood-contaminated milk samples.
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microbiota in healthy animals has also been expressed 
(Rainard, 2017). This study was designed to assess ef-
fects of sampling technique and variation between milk 
fractions, rather than to describe the milk microbiota 
in detail.
The PCoA revealed that some samples clustered sepa-
rately, whereas a prominent overlap and large variation 
occurred in other samples, differences that were further 
evaluated using ANOSIM. From the ANOSIM we con-
cluded that swab samples (A, B) and quarter composite 
milk samples (K) differed significantly from each other 
and all other samples, whereas no significant differ-
ence in bacterial community composition was found for 
samples taken directly from the udder quarter (samples 
C through I). Univariate tests were used to identify 
which taxa contributed to the separation of groups in 
the PCoA and ANOSIM. The univariate tests revealed 
several significant differences. Bacteria belonging to 
the genera Staphylococcus and Corynebacterium are 
commonly isolated in bovine milk (Pitkälä et al., 2004) 
and are classified as contagious mastitis pathogens that 
have the ability to colonize the mammary gland and 
teat canal (Fox and Gay, 1993). In the present study 
Staphylococcus and Corynebacterium were found in 
higher abundance in swab samples from the teat skin 
and teat canal compared with the milk samples. The 
genera Stenotrophomonas and Pseudomonas were sig-
nificantly more abundant in the udder composite milk 
samples (sample K) than in any other sample. Species 
from both genera have previously been reported from 
animals (Conly and Shafran, 1996; Peix et al., 2009) 
but are more commonly found in water and soil. An 
unexpected finding in this study was the presence of 
the genus Dyella in the top 10 most abundant bacteria. 
Findings of Dyella have, to the best of our knowledge, 
never been reported in milk from lactating bovines, and 
its presence needs to be confirmed with other methods. 
The genera Delftia, Aerococcus, Acinetobacter, and Jan-
thinobacterium all appeared in low abundance and have 
previously been described in milk. Delftia has been 
reported as a member of the bovine milk microbiota 
(Oikonomou et al., 2014) using culture-independent 
techniques and in goat milk using culture-dependent 
techniques (Callon et al., 2007). Acinetobacter has been 
found in bulk tank milk (Hahne et al., 2019), and species 
belonging to the genus Aerococcus have been described 
as causative agents for subclinical mastitis (Sun et al., 
2017). Janthinobacterium are known to cause spoilage 
of milk and may recontaminate milk after pasteuriza-
tion in dairy plants (Eneroth et al., 2000).
Contamination can be a problem in microbiota stud-
ies and may be introduced during all phases of sample 
handling as well as in the laboratory (Salter et al., 
2014; Dahlberg et al., 2019). In this study, negative 
controls from the barn environment and milking ma-
chine were not collected, and negative controls from 
DNA extraction and PCR reaction did not contain any 
PCR products and were not included in the sequencing, 
as this was the standard procedure in our laboratory at 
the time of sequencing. Our ability to detect contami-
nants in this data set is therefore limited. It is likely 
that environmental contamination explains some of the 
differences in the found microbiota, because teat end 
swab and teat canal swab samples (samples A and B) 
were more exposed to the barn environment than other 
samples. Also, the composite milk sample (sample K) 
was exposed to the environment in the milking ma-
chine, where water residues from washing could have 
contributed to differences in the microbiota. Further 
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Figure 2. Chao1 richness in samples taken with different tech-
niques before and after milking. Teat end swab (A), teat canal swab 
(B), hand-stripped milk samples (C, D, G), teat canal cannula sam-
ples (E, H), trans–teat wall needle aspirate (I), quarter milk machine 
sample (K). Samples A–E were taken directly before machine milking; 
samples G–I were taken directly after machine milking; sample K is 
a composite milk sample from individual quarters. Sample I was col-
lected from 18 quarters, and all other samples were collected from 20 
quarters. For boxes, the 25–75% quartiles are in the box, and the me-
dian is shown as a horizontal line; the highest values less than 1.5 box 
height are shown as whiskers, and outliers more than 1.5 box heights 
are shown as dots. Brackets with stars indicate that boxes are sig-
nificantly different (P < 0.05 in Bonferroni-corrected Mann-Whitney 
pairwise). Samples under dotted brackets are all significantly different 
from samples A and K, respectively.
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we cannot exclude Dyella as an introduced contami-
nation, because this genus has never been isolated in 
milk before, and the high number of identified bacte-
rial taxa can also be the result of contamination of 
samples. Another limitation in this study is the number 
of animals that were sampled. However, even with the 
low numbers and high variation seen in the microbial 
composition of the samples, we were able to detect dif-
ferences in overall bacterial composition obtained with 
different sampling techniques.
The higher genera richness on the teat end and in 
machine milk is in line with Metzger et al. (2018a), who 
found greater Chao richness in composite samples than 
in hand-stripped and needle aspirate milk samples but 
no difference between hand-stripped and needle aspi-
rate milk samples. Previous studies (Bexiga et al., 2011; 
Hiitiö et al., 2016; Friman et al., 2017) found reduced 
numbers of species in samples taken when bypassing 
the teat canal. In this study, similar tendencies were 
observed but were not found to be statistically signifi-
cant. As such, our hypothesis could not be confirmed.
In this study 10 milk samples had growth of more 
than 2 cfu on 10 µL of cultured milk. In mastitis di-
agnostics, growth of colonies of the same organism is 
indicative of an intramammary infection, but if the 
colonies are few or phenotypically different, they may 
be the result of contamination of the sample (Oliver 
et al., 2004). In this study, 6 milk samples from the 
same quarter had growth of S. epidermidis and were 
diagnosed as intramammary infection; 4 samples had 
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Figure 3. Principal coordinates analysis (PCoA) and analysis of similarity (ANOSIM) for bacterial community composition. Bray Curtis 
similarity index used for both analyses; udder quarter with subclinical mastitis omitted. Teat end swab (A), teat canal swab (B), hand-stripped 
milk samples (C, D, G), teat canal cannula samples (E, H), trans–teat wall needle aspirate (I), quarter milk machine sample (K). Samples 
A–E were taken directly before machine milking; samples G–I were taken directly after machine milking; sample K is a composite milk sample 
from individual quarters. Sample I was collected from 18 quarters, and all other samples were collected from 20 quarters. ANOSIM with 9,999 
permutations, Bonferroni-corrected P-values above diagonal and ANOSIM R-values below the diagonal. Significant P-values marked in italic.
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growth of phenotypically different cfu and would thus, 
according to National Mastitis Council guidelines (Oli-
ver et al., 2004), likely be the result of contamination. 
Omitting the samples with growth of S. epidermidis 
did, but omitting the samples with mixed bacterial 
growth did not, affect the overall appearance in the 
PCoA (Supplemental Figure S2; https: / / doi .org/ 10 
.3168/ jds .2019 -17783). An unexpected finding in this 
study was the large difference in SCC in consecutively-
taken samples using different techniques. According to 
the manufacturer, the repeatability in SCC measure-
ments of the cell counter is 7 to 12%, depending on the 
SCC range of the sample. One could hypothesize that 
hand-stripped samples would have a higher SCC due 
to scaling of epithelial cells from the teat cistern and 
teat canal, but such argumentation is unlikely due to 
the fact that higher SCC was found as often in milk 
samples taken with a cannula (Table 1). Consequently, 
the observed phenomenon requires further investiga-
tion.
CONCLUSIONS
The results of this study show that for aseptic milk 
samples taken directly from the teat as hand-stripped 
milk samples, protected teat canal cannula milk sam-
ples, or trans–teat wall needle aspirate milk samples, 
before or after milking, microbiota analysis displays 
similar results. The stated techniques will, as such, ac-
cording to our results, all give a representative sample 
for analysis of the microbiota in milk. Swab samples 
collected from either the teat end or the teat canal and 
composite milk samples had different bacterial commu-
nity compositions compared with milk samples and, as 
such, are not representative for the microbiota in milk.
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